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ABSTRACT
BACKGROUND: For the past decade, insecticidal seed treatment has been the most widely
used control tactic against insect pests of rice (Oryza sativa L.) in the United States. Seed
treatments are used primarily to control the most economically important early-season pest of
rice, the rice water weevil (Lissorhoptrus oryzophilus Kuschel). This study was conducted to
evaluate the efficacy of reduced rates of chlorantraniliprole seed treatment against the rice water
weevil, fall armyworm (Spodoptera frugiperda J.E. Smith), and sugarcane borer (Diatraea
saccharalis F.) under field and laboratory conditions. Concentrations of chlorantraniliprole in
plant tissues were determined at vegetative and reproductive developmental stages of rice plants.
RESULTS: Chlorantraniliprole seed treatment reduced the densities of rice water weevil larvae
relative to non-treated controls even at rates 75% lower than the label rate. Increased mortality of
fall armyworm larvae was observed at reduced seed treatment rates relative to a non-treated
control. Chlorantraniliprole seed treatment increased the mortality of sugarcane borer larvae at
all rates relative to controls and the mortality was consistently higher in larvae that were fed
stems from treated plants at the vegetative developmental stage than plants from the reproductive
stage. Concentrations of chlorantraniliprole in plant tissues increased with seed treatment rate
and decreased with plant age.
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CONCLUSION: This study has shown that reduced chlorantraniliprole seed treatment rate can
provide adequate control against the rice water weevil, fall armyworm, and sugarcane borer,
particularly at early developmental stages of rice plants.

1 INTRODUCTION
Rice, Oryza sativa L., is one of the most important crops worldwide. More than half of
the world’s population consumes rice daily.1 In the southern United States, rice is predominantly
drill-seeded into dry soil followed by permanent flood approximately 4–5 weeks after planting.
Of the approximately 174, 000 hectares of rice planted in Louisiana, 53% and 66% were drillseeded in 2016 and 2017, respectively.2 Rice is subject to various pressures by insect pests and
diseases throughout its development. The rice water weevil, Lissorhoptrus oryzophilus Kuschel
(Coleoptera: Curculionidae), is consistently the most destructive early-season pest of rice in the
United States.3 Eggs of rice water weevils are deposited by females within leaf sheaths of
flooded rice plants and larvae move down to roots soon after eclosing from eggs. Root pruning
by the soil-dwelling larvae can cause extensive injury to root systems, resulting in reductions in
tillers and grains per panicle at grain maturity.4,5 Root injury by larvae can result in yield losses
exceeding 25% when fields are left untreated.6
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Another early season pest that periodically infests rice in the southern United States is the
fall armyworm, Spodoptera frugiperda J.E. Smith (Lepidoptera: Noctuidae). Fall armyworm
larvae feed on young leaves and can consume entire seedlings.7,8 In severe infestations,
replanting may be necessary. Reductions in rice yields have been reported due to defoliation and
reduced plant and panicle density under heavy infestations of fall armyworm.8
A complex of stem-boring Lepidopteran pests also attack rice plants from seedling to
grain maturity.9 The sugarcane borer, Diatraea saccharalis F. (Lepidoptera: Crambidae), is a
major agronomic pest of sugarcane (Saccharum spp.), corn (Zea mays L.), and sorghum
(Sorghum bicolor L.) in the southern United States and throughout Latin America, and
occasionally reaches damaging levels in rice.10 In addition, the rice stalk borer, Chilo plejadellus
Zincken (Lepidoptera: Crambidae), is a long-established and sporadic pest, and the Mexican rice
borer, Eoreuma loftini (Dyar) (Lepidoptera: Crambidae), is an invasive pest of rice.11,12 Injury
caused by feeding of stem borer larvae in rice stem disrupts the flow of nutrients, resulting in
blanked panicles or “whiteheads”.13 Whitehead density is negatively associated with rice yield.14
Currently, the most widely used management tactic for insect pests in rice is insecticidal
seed treatments. The primary target for seed treatments is the rice water weevil. There are three
seed treatments registered for control of rice water weevil in the United States: Dermacor-X100® (active ingredient [AI]: chlorantraniliprole; DuPont Crop Protection, Wilmington, DE,
USA), CruiserMaxx® (AI: thiamethoxam; Syngenta Corporation, Greensboro, NC, USA), and
NipsitInside® (AI: clothianidin; Valent USA, Walnut Creek, CA, USA). These seed treatments
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are systemic and the active ingredients are distributed differentially in plant organs and thus
target different life stages of the rice water weevil.15 Field evaluations conducted in small and
large plots have demonstrated effective suppression of weevil larvae by seed treatments, with
reductions in weevil densities generally greater in chlorantraniliprole-treated plots than in
thiamethoxam- or clothianidin-treated plots.16 Chlorantraniliprole belongs to a newer class of
insecticides known as anthranilic diamides and is highly selective towards ryanodine receptors of
insects.17–19
The use of chlorantraniliprole seed treatment has resulted in highly effective control of
rice water weevil and has been widely adopted in the southern United States in general and
Louisiana in particular.16,20 Chlorantraniliprole seed treatment is now used in approximately 80%
of the rice producing area in southwest Louisiana.21 Chlorantraniliprole persists in the plant long
enough to affect later-season pests. In fact, a greenhouse study conducted by Sidhu et al.22
reported 70–80% mortality on sugarcane borer larvae in chlorantraniliprole-treated rice plants at
the mid-tillering stage of development; however, concentrations of chlorantraniliprole in plant
tissues were not determined. In southwest Louisiana, stem borers have become an important
factor driving the use of chlorantraniliprole seed treatment.21
In previous small-plot experiments, chlorantraniliprole seed treatment applied at lower
than label rates has been observed to strongly reduce densities of larval weevils in the field.23,24
Furthermore, practices such as adding reduced rates of chlorantraniliprole seed treatment to rice
seeds pre-treated with thiamethoxam or clothianidin to improve weevil control and expand

This article is protected by copyright. All rights reserved.

activity towards other pests has been reported recently (Wilson BE, 2017, pers. comm.). Thus,
there is a need to understand the effects of reduced chlorantraniliprole seed treatment rates on
rice insect pests, particularly on mid- and late-season pests such as stem borers. This study
examined the efficacy of reduced rates of chlorantraniliprole seed treatment against rice water
weevil, fall armyworm, and sugarcane borer through field trials and laboratory assays.

2 MATERIALS AND METHODS
2.1 Field experiment
Field experiments were conducted at the H. Rouse Caffey Rice Research Station in
Crowley, Louisiana (30º14’22.406”N, 92º20’46.195W, 7 m asl) in 2016 and 2017. The soil type
at this site is a Crowley silt loam (fine, smectitic, thermic Aeric, Chromic Vertic Epiaqualfs).25
The experimental design in both years was a randomized complete block design with four blocks
and one replicate per block. Prior to planting, rice seeds were treated with different rates of
chlorantraniliprole (Dermacor-X-100®): 0× (non-treated control), 0.25×, 0.5×, 0.75×, 1× and 2×
where 1× is the standard label rate of 25 µg AI/seed. Seeds were treated with different rates of
chlorantraniliprole as described in Lanka et al.26
Seeds of the long-grain conventional inbred rice cultivars ‘Cheniere’ and ‘Cocodrie’ in
2016 and 2017, respectively, were drill-planted at a seeding rate of 68 kg/ha. After planting,
fields were surface irrigated as needed until permanent flood to facilitate stand establishment.
Permanent flood was established three to five weeks after planting. Nitrogen was applied in the
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form of urea at 150 kg N/ha in 2016 and 135 kg N/ha in 2017 in dry soil one day before
establishment of permanent flood.
Densities of immature rice water weevils (larvae and pupae) were determined at a single
time point after establishment of permanent flood (Table 1). Two root/soil core samples were
taken from each plot and larval densities estimated following Stout et al.27 The number of larvae
in two core samples from each plot were averaged to obtain an estimate of larval density in each
plot prior to data analysis.
At 100% heading, whiteheads resulting from stem borer infestations were visually
assessed in each plot in 2017, but not in 2016 due to low infestation of stem borers.14,28 At grain
maturity, entire plots were harvested with a mechanical harvester. Grain yields are reported as
the total weight of grains from each plot adjusted to 12% moisture and converted to kg per
hectare.
The effects of chlorantraniliprole seed treatment rate on densities of rice water weevil
larvae, incidences of whiteheads, and yields were analyzed separately using generalized linear
mixed models with seed treatment rate as a fixed effect and block(year) and year as random
effects using PROC GLIMMIX in SAS.29 Residuals met the assumption of normality based on
the Shapiro-Wilk test for normality.30 Kenward-Roger adjustment was used to calculate error
degrees of freedom and means were separated using Tukey’s HSD (± = 0.05).

2.2 Fall armyworm toxicity assay
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Fall armyworm larvae used in the assay were obtained from a colony maintained
continuously on artificial diet (Southland Products Inc., Lake Village, Arkansas) in a laboratory
at Louisiana State University, Baton Rouge. Fall armyworm larvae were reared according to
Perkins31. The fall armyworm colony originated from a mixture of larvae collected in grasses and
rice plants from the H. Rouse Caffey Rice Research Station and eggs purchased from Benzon
Inc. (Carlisle, PA). Leaf material for the mortality assay was collected from the field plots at
maximum tillering stage in 2017 (Table 1). The second and third youngest leaves from the
primary stems of nine randomly selected plants in each plot were removed with scissors, and
leaves were divided into groups of three. Each group of leaves was placed in a 14 x 2.5 cm petri
dish (Corning™, New York) lined with moistened filter paper to maintain leaf turgor. Five
neonate fall armyworms (1–2 days after hatching) were placed on leaves using a fine paint brush
and left to feed. After 72 hours, petri dishes were inspected and dead and live larvae were
recorded. Mortality was defined as a lack of movement after stimulation with a camel-hair brush.
Percent mortality was calculated as the number of dead larvae over the total number of larvae
and multiplied by 100. Mortality was averaged from three petri dishes per plot to obtain a mean
mortality for each plot.
Percentage mortality data were analyzed using generalized linear mixed models (SAS
PROC GLIMMIX) with chlorantraniliprole seed treatment rate as a fixed effect and block as a
random effect. Prior to analysis, percent mortality in each seed treatment rate was corrected for
mortality that occurred in control dishes according to Schneider-Orelli’s formula.32 The analysis
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was modelled using the Gaussian distribution. Kenward-Roger adjustment of error degrees of
freedom was utilized, and means were separated using Tukey�s HSD (± = 0.05).
2.3 Sugarcane borer toxicity assay
Sugarcane borer larvae used in this experiment were obtained from a colony maintained
continuously at Louisiana State University, Baton Rouge, following the protocol of Martinez et
al.33 The sugarcane borer colony originated from a mixture of larvae collected in rice fields at the
H. Rouse Caffey Rice Research Station and eggs obtained from Benzon Inc. The effect of
chlorantraniliprole seed treatment rate on mortality of sugarcane borers was assessed at two plant
stages. Rice stems were collected from each plot when the plants reached the vegetative
(tillering) and reproductive (heading) stages in 2016 and 2017 (Table 1). Three randomly
selected primary stems from each plot were cut into lengths of 10 cm and placed separately in 14
x 2.5 cm petri dishes lined with moistened filter paper. Neonate sugarcane borers (1–2 days after
hatching) were placed in each dish and left to feed for 72 hours. Assays were conducted with
three neonates per dish in 2016 and five neonates per dish in 2017. Stems were dissected at the
end of the feeding period to inspect for dead and live larvae. The number of dead and live larvae
in each petri dish was counted and mortality was calculated. Mortality was defined as lack of
movement after stimulation with a camel-hair brush. Mortality in each plot is expressed as an
average mortality from the three stems.
In order to relate sugarcane borer mortality to concentrations of active ingredient in plant
tissues, concentrations of chlorantraniliprole were quantified in plant samples collected from the
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field. The plants used for analyses were collected at vegetative and reproductive developmental
stages of rice plants in 2016 and 2017 (Table 1) at the same time plant material was collected for
bioassays. Three primary stems were collected in each plot and the mixtures of leaves and stems
(approximately five grams of each) were cut into five-cm pieces and were sent to the
Agricultural Chemistry Laboratory of the Louisiana Department of Agriculture and Forestry for
analysis. Chlorantraniliprole was quantified using ultra performance liquid chromatographytandem mass spectrometry (UPLC-MS/MS) as described in Lanka et al.26
Sugarcane borer mortality and chlorantraniliprole concentration data were analyzed
separately using generalized linear mixed models (SAS PROC GLIMMIX) with
chlorantraniliprole seed treatment rate, plant stage, and their interaction as fixed effects and
block(year) and year as random effects. The control mortality was included in the analysis
because the effects of plant stages on mortality are still relevant in non-treated control. Values
for percent mortality were converted to arcsines to normalize the distribution of residuals before
analysis. Untransformed means are presented in results. Degrees of freedom were calculated
using Kenward-Roger method and means were separated using Tukey�s HSD (± = 0.05). In
addition, a multiple linear regression was conducted with sugarcane borer mortality as the
dependent variable and chlorantraniliprole concentration as the independent variable (SAS
PROC REG). A qualitative dummy variable, z1, was used to differentiate between plant
developmental stages (if plant stage = vegetative then z1 = 0, if plant stage = reproductive then z1
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= 1) because mortalities of sugarcane borer larvae were higher in vegetative than reproductive
stage.

3 RESULTS
3.1 Field experiment
Treatment of seeds with chlorantraniliprole reduced the densities of rice water weevil
larvae (F5, 41 = 20.56; P < 0.001) relative to non-treated controls. However, densities of weevil
larvae did not differ among plots treated with the 0.25×, 0.5×, 0.75×, 1×, and 2× seed treatment
rates (Fig. 1). Overall, weevil larval densities were 68.6–90.3% lower on chlorantraniliproletreated plots, depending on seed treatment rate, relative to non-treated plots. Furthermore, there
were no differences on incidences of whiteheads (damage caused by stem borers) among seed
treatment rates (F5, 15 = 0.89; P = 0.5063) (Fig. 2).
At harvest, increased yields were observed in plots treated with chlorantraniliprole
compared to non-treated controls (F5, 37 = 16.46; P < 0.001). Overall, there were no differences in
yields among plots treated with 0.25×, 0.5×, 0.75×, 1×, and 2× seed treatment rates (Fig. 3).
Moreover, average yield loss in non-treated control plots compared to plots treated at the label
rate was 39.9%.
3.2 Fall armyworm toxicity assay
No differences in fall armyworm mortality were detected among seed treatment rates
when fed with rice leaves from treated plants for 72 hours (F4, 10 = 1.48; P = 0.28). Mortality in
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each treatment rate was corrected for 39% mortality observed in the non-treated control plants.
Mortality of larvae on plant tissue from plots treated with chlorantraniliprole at 0.75×, 1×, and
2× was 100%, whereas mortality of larvae on plant tissue from plots with seed treatment rates of
0.25× and 0.5× were 74% and 93%, respectively (Fig. 4).
3.3 Sugarcane borer toxicity assay
Sugarcane borer mortality was influenced by chlorantraniliprole seed treatment rate (F5, 83
= 18.91; P < 0.001), plant stage (F1, 83 = 140.18; P < 0.001), and the interaction of treatment rate
and plant stage (F5, 83 = 8.09; P < 0.001). Mortality was consistently higher for borer larvae that
were fed stems from plants at the vegetative stage compared to mortality in larvae fed on stems
from the reproductive stage (Fig. 5A). Sugarcane borer mortality at the vegetative stage ranged
from 6–70% depending on seed treatment rate, whereas mortality on reproductive stage ranged
from 7–33%.
Chlorantraniliprole concentrations measured by UPLC-MS/MS were influenced by seed
treatment rate (F5, 82 = 18.55; P < 0.001), plant stage (F1, 82 = 65.05; P < 0.001), and the
interaction (F5, 82 = 3.99; P = 0.003). Levels of chlorantraniliprole detected in plant tissues
increased as seed treatment rate increased (Fig. 5B). Chlorantraniliprole concentrations were also
found to be higher in plant tissues collected at the vegetative stage compared to the reproductive
stage (Fig. 5B). Overall, chlorantraniliprole concentrations were below the limits of detection in
plant tissues at seed treatment rates of 0×, 0.25×, and 0.5× during the reproductive stage of
development.
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A linear relationship between sugarcane borer mortality and chlorantraniliprole
concentrations was found (F2, 91 = 58.52; P < 0.001; R2 = 0.553; Root MSE = 20.27). The dummy
variable, z1, improved the regression model (t = 4.56; P < 0.001) by increasing the coefficient of
the explanatory variable by 22.29 for the vegetative stage data (slope = 0.4592; intercepts =
vegetative: 36.75 and reproductive: 14.46) (Fig. 6).

4. DISCUSSION
Results from this study indicate that reduced rates of chlorantraniliprole seed treatment
effectively control key pests of rice. Reductions in weevil densities in chlorantraniliprole-treated
plots reported in this study are consistent with previous studies that documented reductions of
72–96% in weevil larval densities when rice was treated with the label rate of
chlorantraniliprole.20,34–36 Moreover, the high level of control even at 0.25× treatment rate
observed in this study demonstrates the high insecticidal potency of chlorantraniliprole. While
this study documents effective control of weevil larvae, previous studies have shown effects of
chlorantraniliprole on other life stages including reduced egg-laying by adults and reduced egg
viability.15,37 Future studies should examine the effects of reduced rates of chlorantraniliprole on
these life stages.
The relatively high mortality of fall armyworm larvae reported in this study indicates that
plants are potentially protected against this pest even at reduced rate of chlorantraniliprole seed
treatment. The fall armyworm is a sporadic early-season pest of rice in Louisiana, but it can also
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occasionally be found feeding on foliage and on panicles at later developmental stages of rice.38
Results from this study reported mortality as high as 100% at treatment rates of 0.75× or higher
when larvae were fed on leaves from rice plants at the maximum tillering developmental stage
(35 days after permanent flood). However, mortality of fall armyworm in non-treated control
was also high (39%), which may be due to tougher leaf tissues because of plant age. Future
studies should investigate the interactive effects of reduced seed treatment rate and plant stage on
mortality of fall armyworm larvae. Nonetheless, this is the first study to report efficacy of
chlorantraniliprole seed treatment against fall armyworm using rice plants grown under field
conditions. Several studies have been conducted to evaluate activity of chlorantraniliprole
against fall armyworm in other crops. For instance, Hardke et al.39 reported that
chlorantraniliprole treatment reduced the number of infested whorls in grain sorghum compared
to a non-treated control or other insecticides under natural infestations of fall armyworm in the
field. Moreover, treatment of soybean seeds with chlorantraniliprole resulted in reduced
survivorship of fall armyworm larvae at vegetative and reproductive growth stages of soybean
plants.40
The high efficacy of seed treatment (even at reduced rates) against sugarcane borer larvae
observed in this study could help mitigate the substantial economic losses associated with stem
borers in rice. In recent years, stem borer populations in Louisiana rice fields have increased
markedly due to expansion of the range of the invasive Mexican rice borer in southwestern
Louisiana.11,12 The Mexican rice borer was first detected in Louisiana during 2008 and once this
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stem boring pest becomes fully established, annual economic loss in rice could reach $45
million.41,42 The larval behavior, life cycle, and injury caused by sugarcane borer and Mexican
rice borer are very similar; thus, results for these species would likely be similar. Indeed, foliar
applications of the same insecticide product provided similar control of both species.43 The
reduced concentrations of chlorantraniliprole (and corresponding reduced mortality of sugarcane
borer larvae) in the reproductive stage relative to the vegetative stage of rice plants in this study
suggest a plant-age related decline in concentrations of chlorantraniliprole in plant tissues,
thereby reducing efficacy later in the growing season. The similar mortality among treatment
rates despite differences in chlorantraniliprole concentration indicates larval mortality may not
be strictly rate dependent particularly at the vegetative developmental stage. This demonstrates
high larvicidal potency of chlorantraniliprole. A previous study reported similar results in which
no differences in mortality of sugarcane borer larvae were observed in rice plants treated with
chlorantraniliprole seed treatment at label and higher rates.22 Consistent with the effects on
densities of rice water weevil larvae and mortalities of fall armyworm observed in this study,
reduced rates of chlorantraniliprole can provide adequate control at early developmental stages
of rice plants.
On the other hand, the reduction in mortality of sugarcane borer larvae at the
reproductive stage reported in this study suggests that reduced rates may not provide acceptable
control later in the season. Furthermore, there were no differences in the number of whiteheads
among seed treatment rates due to low level of infestations by stem borers in 2017. However,
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previous studies have reported significant reductions in whiteheads in chlorantraniliprole-treated
plots compared to non-treated plots.11,44
Due to the high efficacy of chlorantraniliprole seed treatment in suppressing rice water
weevil larvae in the field and high larvicidal activity on fall armyworm and stem borers,
significant increases in yields in chlorantraniliprole-treated plots were recorded in both years.
The increase in yields between chlorantraniliprole-treated plots, however, was not significantly
different because all rates provided comparable weevil control. Furthermore, the yield loss
reported in this study is higher compared to previous reports.6 This might be due to higher weevil
infestations and the rice varieties used in this study having lower tolerance to weevil injury.
The use of insecticidal seed treatment is generally recommended in areas where
populations of weevils and stem borers are anticipated to be high. Thus, the treatment is applied
before any pests are observed. One of the chief concerns about the widespread use of
chlorantraniliprole seed treatment is the evolution of resistance to chlorantraniliprole by rice
water weevils or stem borers. To our knowledge, there has been no report of resistance in rice
water weevil to chlorantraniliprole. In fact, control with chlorantraniliprole seed treatment
observed in this study is similar to that reported 10 years ago, when chlorantraniliprole seed
treatments had not yet been introduced into the rice market.34 This study suggests that current
weevil populations in Louisiana are still susceptible to chlorantraniliprole. Rice water weevils
did, however, develop resistance to aldrin seed treatments in the past.45,46 On the other hand, a
field population of Asiatic stem borer, Chilo suppressalis, in China has exhibited low levels of
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resistance to chlorantraniliprole.47 It has been suggested that detoxification enzymes48 and
mutations in ryanodine receptors49 might be involved in the variation of susceptibility in field
populations of Asiatic stem borer to chlorantraniliprole. Moreover, it has been recently reported
that field collected fall armyworm from Puerto Rico might be developing resistance to the
diamides, chlorantraniliprole and flubendiamide.50 Results reported in this study are important
for future resistance monitoring in weevils and potentially in stem borers and fall armyworm.
Future studies should also investigate survival of weevil, fall armyworm, and stem borer larvae
to adulthood on chlorantraniliprole-treated plants, which would have implications for resistance
development.
Overall, this study has shown high potency of chlorantraniliprole seed treatments to
natural infestations of rice water weevil and laboratory-reared fall armyworm and sugarcane
borer even at seed treatment rates lower than the label rate. Plant age was also identified as an
important factor in the efficacy of chlorantraniliprole to late-season pests such as stem borers.
Reduced seed treatment rate can be potentially combined with other management tactics such as
host-plant resistance and cultural practices (e.g. early planting and delayed flooding), but further
study is needed. In addition, because soil type can influence the interactions between root
feeding pests and host plants51, future work should be conducted at multiple locations. Although
the current practice of adding reduced rates of chlorantraniliprole to rice seeds pre-treated with
thiamethoxam or clothianidin has been effective, the implications of combining these
insecticides for resistance development need more study.
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TABLE
Table 1. Field activities and corresponding dates
Activity
Year
2016
2017
Seed Treatment
June 23 Mar 3
Planting
June 26 Mar 15
Urea Application
July 12 Apr 25
Permanent Flood
July 13 Apr 26
Core Sampling
Aug 2
May 23
FAW Mortality Assay
June 1
SCB Mortality Assay (Vegetative)
Aug 3
May 29
SCB Mortality Assay (Reproductive) Sep 5
June 27
CAP* Concentration (Vegetative)
Aug 3
May 29
CAP* Concentration (Reproductive) Sep 5
June 27
Whitehead count
July 3
Harvest
Oct 18 July 28
*Chlorantraniliprole
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FIGURE LEGENDS
Figure 1. Densities of rice water weevil larvae as affected by chlorantraniliprole seed treatment
rate (where 1× is the standard label rate of 25 µg AI/seed) over two experiments conducted in
2016 and 2017. Bars accompanied by the same letter represent means that do not differ
significantly (P>0.05, Tukey’s HSD).
Figure 2. Whitehead incidence as affected by chlorantraniliprole seed treatment rate (where 1×
is the standard label rate of 25 µg AI/seed) in the field in 2017. Bars accompanied by the same
letter represent means that do not differ significantly (P>0.05, Tukey’s HSD).
Figure 3. Rice yields (kg/ha) as affected by chlorantraniliprole treatment rate (where 1× is the
standard label rate of 25 µg AI/seed) over two experiments conducted in 2016 and 2017. Bars
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represent standard error. Bars accompanied by the same letter are not significantly different
(P>0.05, Tukey’s HSD).
Figure 4. Corrected mortality of fall armyworm larvae as affected by chlorantraniliprole seed
treatment rate (where 1× is the standard label rate of 25 µg AI/seed). Bars accompanied by the
same letter are not significantly different (P>0.05, Tukey’s HSD).
Figure 5. Mortality of sugarcane borers (A) and chlorantraniliprole (CAP) concentrations (B) as
affected by chlorantraniliprole seed treatment rate (where 1× is the standard label rate of 25 µg
AI/seed) and plant stage over two experiments conducted in 2016 and 2017. Bars accompanied
by the same letters are not significantly different (P>0.05, Tukey’s HSD).
Figure 6. Relationship between sugarcane borer mortality and chlorantraniliprole concentration
at two plant growth stages.
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Efficacy of reduced rates of chlorantraniliprole seed treatment on insect pests of irrigated
drill-seeded rice
James M. Villegas, Blake E. Wilson, and Michael J. Stout*
The use of insecticidal seed treatment has been widely adapted to control insect pests in rice.
This study evaluated the efficacy of reduced chlorantraniliprole seed treatment rate on rice water
weevil, fall armyworm, and sugarcane borer.
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